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A. Statement of Problem Studied and Summary of Basic Results

In addition to their strength and special thermomechanical attributes,
elastic composites, if properly designed, can be highly dispersive when
subjected to stress pulses. Therefore, in using composites, one of the most
significant objectives often is to implement a design which provides for a
maximum attenuation by dispersion of stress waves without a sacrifice in the
needed strength and other properties. Also, one needs to know the detailed
stress distribution in a given composite when subjected to elastic waves.
Furthermore, plates and shells with inclusions, with variable thicknesses,
and/or with various reinforcements, are common ingredients of modern struc-
tural components in technology. The dynamic behavior and the thermal con-

ductivity properties of these elements are of obvious importance to a designer.

Many characteristics of composites relating to the phenomenon of elastic
wave propagation can be brought into focus by considering harmonic waves.
For example, if the dispersion curve of a given composite deviates sharply
from the straight line, the composite would be highly dispersive. Moreover,
since pulses can be decomposed into their Fourier components, the dominant
effect may be discussed in terms of the corresponding harmonics. Since these
harmonics constitute the eigenfunctions, they can be suitably combined to
define the response to various short-duration pulses. Thus it appears that
the study of harmonic waves in composites can provide a basis for a better
understanding and design of elastic composite materials. In a similar sense,
many aspects of the dynamics of composite plates and shells can be understood
in terms of their natural modes of vibration. 1In this project attention has
been focused on: (1) The accurate calculation of the dispersive properties
of laminated and two- and three-dimensional fiber-reinforced elastic composites;
(2) The accurate determination of natural frequencies of composite plates and
beams, or plates and beams with variable dimensions or with inclusioms; (3)
Calculation of upper and lower bounds for the eigenfrequencies in (1) and (2);
and (4) The assessment of the effect of fiber geometry on the dynamic pro-
perties of the fiber-reinforced composite. This latter consideration can play
an important role in the design of structural elements, such as helicopter
blades, where it may become necessary, for example, to alter the vibrational

frequencies of an element without having to modify its over-all geometry.

e —. e 2. AR GG . . .




The calculations are based on a new quotient which has been formulated
by the author recently. This quotient is based on a general variational
method in which the displacement and stress fields are given independent
variation. It has been shown under the present project that the new quotient
yields extremely accurate results, even with the crudest approximating
functions, hence making the new quotient superior to the Rayleigh quotient.
With the aid of the new quotient, lower and upper bounds for the eigenfre-

quencies have also been obtained. These bounds are very close to each other.
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